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(54) Projection system with plural projectors 

(57) The present invention provides a multi-display 
device that has a plurality of projectors and constructs 
one image as a whole. Partial images projected on a 
screen from the projectors overlap to have the edges 
thereof superposed on edges of adjoining partial images 
in shared fields on the screen. A sheet interceptor inter- 
cepts part of light to be projected on a shared field so 
that the luminance level in the shared field will agree 
with the luminance levels in the other fields except the 
shared fields. An interceptor portion (15d) of the sheet 



interceptor, which intercepts light from the right-hand 
side of a range (14) on the screen within which a partial 
image is projected, can be displaced horizontally rela- 
tivetoan interceptor portion (15a) thereof that intercepts 
light from the left-hand side thereof. Likewise, an inter- 
ceptor portion (15c) of the sheet interceptor that inter- 
cepts light from the upper side of the projected range 
can be displaced vertically relative to an interceptor por- 
tion (1 5b) thereof that intercepts light from the lower side 
thereof. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates to a multi-display 
device in which partial images projected trom a plurality 
of image projecting means are arranged to construct 
one image as a whole, and a multi-display system. 

2. Description of the Related Art 

[0002] Various types of multi-display devices that use 
a plurality of image display devices serving as image 
projecting means to display one image have been pro- 
posed in the past. For example, Japanese Unexamined 
Patent Publications Nos. 5-1 03286, 3-53288, 9-21 1 386, 
and 6-169444 describe such multi-display devices. 
[0003] In the conventional multi-display devices, im- 
ages projected from the plurality of image display devic- 
es overlap to have their edges superposed on adjoining 
edges in shared fields on a screen (see Fig. 1 concerned 
with an embodiment of the present invention). A sheet 
interceptor for intercepting light from the edge of a range 
on the screen within which a projector project an image 
is interposed between the image display device (projec- 
tor) and the screen, whereby an amount of light is de- 
creased for fear the luminance levels in the shared fields 
may get higher. 

[0004] However, according to the aforesaid prior arts, 
there is difficulty in arranging sheet interceptors so that 
they can intercept light rays, which overlap and are pro- 
jected from the plurality of image display devices, by an 
equal amount. Even if the sheet interceptors are aligned 
once in the course of manufacturing, when a lamp must 
be replaced with a new one thereafter, the image display 
devices may be moved or dismounted from the multi- 
display device. In this case, the positional relationships 
of the sheet interceptors to the image display devices 
must be adjusted again. This poses a problem in that 
the adjustment is time-consuming. 
[0005] Moreover, as shown in Fig. 14, when images 
are projected from a plurality of projectors 1 and 2 so 
that the ray axes of light representing the images will be 
perpendicular to the major surface of a screen 10, the 
directivity of light reaching a shared field on the screen, 
in which the edges of partial images projected from the 
projectors 1 and 2 are superposed on each other is dif- 
ferent between light projected from the projector 1 and 
light projected from the projector 2. 
[0006] When such light is diffused on the diffusing sur- 
face of the screen (see Fig. 1 4 showing diffused light at 
point A and diffused light at point B), light diffused in the 
same direction as incident light is the largest amount of 
light. The amount of diffused light decreases with an in- 
crease in its angle with respect to the direction of inci- 
dence. An observer looking at the screen from a point 



in front of the screen will not sense that the luminance 
of the image becomes unnaturally discontinuous in the 
shared field on the screen. However, an observer look- 
ing at the screen from a point oblique to the screen will 
5 sense that the amount of light projected from the pro- 
jector 2 is smaller than that projected trom the projector 
1 , and that the luminance of the image becomes unnat- 
urally discontinuous in the shared field. 

W SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention 
is to provide a multi-display device making it possible to 
observe an image, which consists of a plurality of partial 
15 images, with an almost equal luminance level over a 
screen including shared fields, and a multi-display sys- 
tem. 

[0008] The invention is defined in claims 1.9, and 10, 
respectively. Particular embodiments of the invention 
20 are set out in the dependent claims. 

[0009] Briefly, according to the present invention, 
there is provided a multi-display device consisting main- 
ly of a plurality of image projecting means and a tight 
level adjusting means. The plurality of image projecting 
25 means projects partial images on a screen so as tocon- 
struct one image as a whole. The partial images overlap 
to have the edges thereof superposed on edges of ad- 
joining partial images in shared fields on the screen The 
light level adjusting means adjusts an amount of light to 
30 be projected on the shared fields so that the luminance 
levels in the shared fields will substantially agree with 
the luminance levels in the other fields except the 
shared fields. The light level adjusting means displaces 
a light level adjustment range within which an amount 
35 of light representing one edge of a partial image to be 
projected is adjusted relative to an amount of light rep- 
resenting the other edge of the partial image. 
[0010] According to the present invention, there is 
provided a multi-display system consisting mainly of a 
40 multi-display device, an imaging means, a luminance 
detecting means, a mag n it ude-of -displacement calcu- 
lating means, and a control means. The multi-display 
device consists mainly of a plurality of image projecting 
means and a light level adjusting means. The plurality 
45 of image projecting means projects partial images on a 
screen so as to construct one image as a whole. The 
partial images overlap to have the edges thereof super- 
posed on edges of adjoining partial images in shared 
fields on the screen. The light level adjusting means ad- 
50 justs an amount of light to be projected on the shared 
fields so that the luminance levels in the shared fields 
will substantially agree with the luminance levels in the 
other fields except the shared fields. The light level ad- 
justing means displaces a light level adjustment range 
55 within which an amount of light representing one edge 
of a partial image to be projected is adjusted relative to 
an amount of light representing the other edge of the 
partial image. The imaging means picks up the image 
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displayed on the screen of the multi-display device The 
luminance detecting means samples a luminance signal 
trom an image signal output from the imaging means, 
and detects the sizes of the shared fields and the lumi- 
nance levels in the shared fields. The magnitude-of-dis- 5 
placement calculating means calculates a magnitude of 
displacement, by which the light level adjusting means 
should displace the light level adjustment range, accord- 
ing to an output of the luminance detecting means. The 
control means extends control so that the light level ad- 10 
justing means can displace the light level adjustment 
range by the magnitude of displacement calculated by 
the magnitude-of-displacement calculating means. 
[0011] Furthermore, according to the present inven- 
tion, there is provided an adjusting method tor a multi- '5 
display device that consists mainly of a plurality of image 
projecting means and a light level adjusting means. The 
plurality of image projecting means projects partial im- 
ages on a screen so as to construct one image as a 
whole. The projected partial images overlap to have the 20 
edges thereof superposed on edges of adjoining partial 
images in shared fields on the screen. The light level 
adjusting means adjusts an amount of light to be pro- 
jected on the shared fields so that the luminance levels 
in the shared fields will substantially agree with the lu- 25 
minance levels in the other fields except the shared 
fields. The light level adjusting means displaces a light 
level adjustment range within which an amount of light 
representing one edge of a partial image is adjusted rel- 
ative to an amount of light representing the other edge 30 
thereof. The adjusting method comprises an outputting 
step, a detecting step, a calculating step, and a control 
step. At the outputting step, the image displayed on the 
screen of the multi-display device is picked up in order 
to produce an image signal. At the detecting step, a lu- 35 
minance signal is sampled from the image signal in or- 
der to detect the sizes of the shared fields and the lumi- 
nance levels in the shared fields. At the calculating step, 
a magnitude of displacement by which the light level ad- 
justing means included in the multi-display device 40 
should displace the light level adjustment range is cal- 
culated based on the detected information of the sizes 
of the shared fields and luminance levels therein. At the 
control step, control is extended so that the light level 
adjusting means can displace the light level adjustment 
range by the magnitude of displacement. 
[0012] These objects and advantages of the present 
invention will become further apparent from the follow- 
ing detailed explanation. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] 



Fig. 1 is a perspective view schematically showing 
the structure of a mufti-display device in accordance 
with a first embodiment of the present invention; 
Fig. 2 show ranges on a screen within which light is 



55 



projected from three projectors juxtaposed side- 
ways in accordance with the first embodiment and 
shared fields on the screen 

Fig. 3 is a plan view showing light rays that are pro- 
jected on the shared fields and dimmed by sheet 
interceptors employed in the first embodiment: 
Fig. 4 is a front view showing the structure of a sheet 
interceptor for intercepting light from four edges of 
a rectangular projected range in the first embodi- 
ment; 

Fig. 5 is a plan view showing an arrangement for 
improving the directivity of light incident on a screen 
employed in a second embodiment of the present 
invention; 

Fig. 6 shows images projected on the screen by pro- 
jectors arranged as show in Fig. 5 and employed in 
the second embodiment; 

Fig. 7 is a front view showing the structure of a sheet 
interceptor for intercepting light projected from a 
projector from a direction obliquely crossing the 
screen so that the light will be projected as a rec- 
tangular image; 

Fig. 8 shows the projected images shown in Fig. 6 
after they arc intercepted using sheet interceptors 
like the one shown in Fig. 7 in the second embodi- 
ment; 

Fig. 9 is a front view showing the structure of a sheet 
interceptor that proves effective when images pro- 
jected from four projectors overlap to have their cor- 
ners superposed on one another, and that is em- 
ployed in a third embodiment of the present inven- 
tion; 

Fig. 10 shows the images projected from the four 
projectors employed in the third embodiment: 
Fig. 11 is a sectional plan view showing an arrange- 
ment of projectors integrated with sheet intercep- 
tors so as to maintain the predetermined positional 
relationships between the projectors and sheet in- 
terceptors in accordance with a fourth embodiment 
of the present invention; 

Fig. 12 shows a configuration for intercepting rim 
rays using a light level adjustment liquid crystal pan- 
el incorporated In a projector employed in a fifth em- 
bodiment of the present invention; 
Fig. 1 3 is a block diagram showing the configuration 
of a multi-display system for adjusting luminance to 
be offered by a mulLi-display device in accordance 
with a sixth embodiment of the present invention; 
and 

Fig. 14 shows a phenomenon that occurs in related 
arts and that the luminance levels of images pro- 
jected on a screen from projectors arranged parallel 
to one another are sensed different when the screen 
is seen from a point oblique to the screen because 
of the directivity of light. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Embodiments of the present invention will be 
described with reterence to the drawings below. 
[0015] Fig. 1 to Fig. 4 show a first embodiment of the 
present invention. Fig. 1 is a perspective view schemat- 
ically showing the structure of a multi-display device. 
[0016] The multi-display device has nine projectors 1 
to 9, which serve as image projecting means, arranged 
in threes in rows and columns. A transmissive screen 
10 is located at a position at which the projectors 1 to 9 
project images. Ranges on the screen 10 within which 
the projectors 1 to 9 project images overlap to have their 
edges superposed on edges ot adjoining ranges. 
[0017] It is Fig. 2 that shows the ranges on the screen 
1 0 within which the projectors 1 to 3 project images, and 
fields on the screen shared by the ranges (shared 
fields). Fig. 2 shows the ranges within which the three 
projectors juxtaposed sideways project images and the 
shared fields. 

[001 8] Sideways, the range within which the projector 
1 projects an image and the range within which the pro- 
jector 2 projects an image overlap to have their edges 
superposed on one another in the shared field. Moreo- 
ver, the range within which the projector 3 projects an 
image and the projected range for the projector 2 over- 
lap to have their edges superposed on each other in the 
shared field on the opposite side of the projected range 
for the projector 2. 

[0019] In the multi-display device in which the above 
projected ranges are defined, unless some measures 
are taken, the luminance levels in the shared fields be- 
come almost twice as large as the luminance levels in 
fields other than the shared fields. Forthis reason, sheet 
interceptors are included for dimming light rays project- 
ed on the shared fields from the projectors, which is 
shown in Fig. 3. 

[0020] Fig. 3 is a plan view showing the light rays pro- 
jected on the shared fields and dimmed by the sheet 
interceptors. 

[0021] When the projectors 1 to 3 are arranged as 
shown in Fig. 3, the projector 2 shares the same field, 
which is defined along one side of the projected range 
for the projector 2, with the projector 1 . The projector 2 
shares the same field, which is defined along the other 
side thereof, with the projector 3. 
[0022] Sheet interceptors are, as illustrated, located 
on the paths of the light rays reaching the shared fields. 
[0023] Specifically, a sheet interceptor 11 serving as 
a light level adjusting means for adjusting an amount of 
light projected from the projector 1 has an interceptor 
portion 11a located on the path of light reaching the field 
shared with the projected range for the projector 2. 
[0024] A sheet interceptor 12 serving as a light level 
adjusting means for adjusting an amount of light project- 
ed from the projector 2 has an interceptor portion 1 2a 
located on the path of light reaching the field shared with 



the projected range for the projector 1 . Moreover, the 
sheet interceptor 12 has an interceptor portion 12b lo- 
cated on the path of light reaching the field shared with 
the projected range for the projector 3. 
5 [0025] Furthermore, a sheet interceptor 13 serving as 
a light level adjusting means for adjusting an amount of 
light projected from the projector 3 has an interceptor 
portion 1 3a located on the path of light reaching the field 
shared with the projected range for the projector 2. 
10 [0026] The sheet interceptors 11, 12, and 13 are in- 
terposed between the projectors 1 , 2, and 3 respectively 
and the screen 10 and located on the light paths. The 
positions of the sheet interceptors lie on a non-focal 
plane. The effect of interception achieved by the inter- 
ns ceptors is recognized as gradually intercepted light that 
falls on the screen 10 located on a focal plane. 
[0027] Assuming that the luminance levels in un- 
shared fields allocated to the projectors 1 and 2 are 1 
thai is a relative value, an image projected from the pro- 
20 jector 1 exhibits a luminance level of approximately 1 at 
a position in the field shared by the projectors 1 and 2 
near an unshared field allocated to the projector 1 . On 
the other hand, at the same position in the shared field, 
an image projected from the projector 2 exhibits a lumi- 
25 nance level of approximately 0. Since the images pro- 
jected from the projectors 1 and 2 overlap to have their 
edges superposed on each other in the shared field, the 
superposed edges are displayed as an image portion 
that exhibits a luminance level of nearly 1 at the above 
30 position. 

[0028] Likewise, at a position in the field shared by 
the projectors 1 and 2 near the unshared field allocated 
to the projector 2 f an image projected from the projector 
1 exhibits a luminance level of approximately 0, while 

35 an image projected from the projector 2 exhibits a lumi- 
nance level of approximately 1 . The images overlap to 
have their edges superposed on each other, and the su- 
perposed edges are displayed as an image portion that 
exhibits a luminance level of nearly 1 at the above po- 

40 sition. 

[0029] At a position nearly in the center of the field 
shared by the projectors 1 and 2, an image projected 
from the projector 1 exhibits a luminance level of ap- 
proximately 0.5, and an image projected from the pro- 

45 jector 2 exhibits a luminance level of approximately 0.5. 
The images overlap to have their edges superposed on 
each other, and the superposed edges are displayed as 
an image portion that exhibits a luminance level of near- 
ly 1 at the above position. 

50 [0030] Consequently, in the shared field, the edges of 
images projected from adjoining projectors are joined 
smoothly. Moreover, the luminance level in the shared 
field is nearly the same as the luminance levels in the 
unshared fields allocated to the projectors. This makes 

55 it possible to observe a smooth image devoid of discon- 
tinuity. 

[0031] At this time, the shared field is -determined with 
a space between projectors or artgtes at which the pro- 
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jectors are placed The positions of the interceptor por- 
tions of the sheet interceptors must be determined 
based on how the projectors are arranged. According to 
the present embodiment, part of the interceptor portions 
included in the sheet interceptors is made movable. 
[0032] The structure of a sheet interceptor having 
movable interceptor portions will be described with ref- 
erence to Fig. 4. Fig. 4 is a front view showing the struc- 
ture of a sheet interceptor for intercepting light from four 
sides of a rectangular projected range. 
[0033] The sheet interceptor shown in Fig. 4 is asso- 
ciated with the projector 5 included in the projectors 
shown in Fig. 1 . 

[0034] An image projected from the projector 5 over- 
lap an image projected from the projector 2 to have the 
upper edge thereof superposed on the edge of the im- 
age projected on a shared field on the screen from the 
projector 2. The image projected from the projector 5 
overlap an image projected from the projector 8 to have 
its lower edge superposed on the edge of the image pro- 
jected on a shared field from the projector 8. The image 
projected from the projector 5 overlap an image project- 
ed from the projector 6 to have its right edge superposed 
on the edge of the image projected on a shared field 
from the projector 6. Moreover, the image projected from 
the projector 5 overlap an image projected from the pro- 
jector 4 to have its left edge superposed on the edge of 
the image projected on a shared field from the projector 
4. A sheet interceptor associated with the projector 5 is 
therefore designed to be able to intercept light from the 
four sides of a projected range within which a rectangu- 
lar image is projected. 

[0035] Specifically, for example, an interceptor por- 
tion 15a that shields the left side of a projected range 
14 for the projector 5 and an interceptor portion 15b that 
shields the lower side thereof are joined to have an L 
shape. In contrast, an interceptor portion 15c that 
shields the upper side of the projected range and is 
formed with a rectangular plate member and an inter- 
ceptor portion 1 5d that shields the right side thereof and 
is formed therewith are separated from each other and 
made movable. 

[0036] The interceptor portion 1 5c is vertically mova- 
ble : whereby a space between the interceptor portions 
1 5c and 1 5b can be varied. 

[0037] The interceptor portion 1 5d is laterally mova- 
ble, whereby a space between the interceptor portions 
15d and 15a can be varied. 

[0038] In the example shown in Fig. 4, only one of the 
interceptor portions that shield two opposed sides of the 
projected range for the projector 5 is made movable. Al- 
ternatively, all the interceptor portions that shield the 
four sides of the projected range for the projector 5 may 
be made movable. 

[0039] Moreover, sheet interceptors associated with 
projectors that share fields with three adjoining projec- 
tors or less, that is, the sheet interceptors associated 
with the projectors 1,2,3, 4, 6, 7, 8, and 9 shown in Fig. 



1 have necessary interceptor portions similarly to the 
sheet interceptor shown in Fig. 4. 
[0040] Furthermore, the sheet interceptors are de- 
signed to intercept light completely. Alternatively, the 

5 sheet interceptors may be realized with dim filters each 
of which has the transmittance thereof gradually in- 
creased from the edge thereof to the center thereof, or 
dim filters each of which has the transmittance thereof 
stepwise increased from the edge thereof to the center 

w thereof 

[0041] According to the first embodiment, since the 
sheet interceptors are made movable, the width of a 
shared field can be adjusted readily. Consequently, the 
luminance level in the shared field can be adjusted. 

*5 Therefore, the luminance on the whole screen can be 
readily made equal. This results in a multi-display device 
capable of displaying a high-quality image that exhibits 
in a shared field a luminance level continuous to a lumi- 
nance level in an unshared field. 

20 [0042] Fig. 5 to Fig. 8 show a second embodiment of 
the present invention. Fig. 5 is a plan view showing an 
arrangement for improving the directivity of light incident 
on a screen. In the second embodiment, the same ref- 
erence numerals arc assigned to components identical 

25 to those in the first embodiment. Differences from the 
first embodiment will be described mainly. 
[0043] As mentioned above, light diffused on the 
screen 10 exhibits directivity that depends on the direc- 
tion of incident light. Assuming that projectors are ar- 

30 ranged so that the optical axes thereof will be parallel 
to one another, the edges of images projected from the 
projectors are superposed on one another in shared 
fields on the screen. When the screen is seen from a 
point oblique to the screen, the luminance level in the 

35 shared field may be sensed to be discontinuous to the 
luminance level in an unshared field. 
[0044] What has been devised in efforts to resolve the 
above disadvantage is the arrangement of projectors 
shown in Fig. 5. 

40 [0045] As illustrated, the projector 2 located in the 
center projects an image in a direction nearly perpen- 
dicular to the major surface of the screen 1 0. 
[0046] Reflecting mirrors 21 and 22 are located near 
the lens of the projector 2 through which an image is 

45 projected. One of the reflecting mirrors, that is ; the re- 
flecting mirror 21 reflects an image projected from the 
projector 1 . The other reflecting mirror 22 reflects an im- 
age projected from the projector 3. 
[0047] Specifically, an image projected from the pro- 

50 jector 1 is projected on the screen 1 0 after reflected from 
the reflecting mirror 21 . At this time : a predetermined 
range on the screen within which the image is projected 
from the projector 1 and a predetermined range thereon 
within which an image is projected from the projector 2 

55 share a field on the screen. 

[0048] Likewise., an image projected from the projec- 
tor 3 is projected on the screen after reflected from the 
reflecting mirror 22. At this time, a predetermined range 
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on the screen within which the image is projected from 
the projector 3 and the predetermined range on the 
screen within which the image is projected Irom the pro- 
jector 2 share a field on the screen. 
[0049] When the projectors 1 and 3 and the reflecting 
mirrors 21 and 22 are arranged as mentioned above, 
light projected from the projector 1 and light projected 
from the projector 2 lall on the screen in nearly the same 
directions. Light projected from the projector 3 and light 
projected from the projector 2 fall on the screen 10 in 
nearly the same directions. Therefore, the directivity of 
light diffused from the shared field will not become very 
discontinuous to the directivity of light diffused from any 
other unshared field. Not only when the screen is seen 
from a point in Iront of the screen but only when it is 
seen from a point oblique to the screen, the luminance 
on the screen will not be sensed to vary. 
[0050] Fig. 6 shows images projected from the pro- 
jectors arranged as shown in Fig. 5 on the screen. 
[0051] When the projectors 1, 2, and 3 arranged as 
shown in Fig. 5 project rectangular images on the screen 
10, the image projected from the projector 2 remains 
rectangular. However, the images projected from the 
projectors 1 and 3 have a trapezoidal shape because 
they are projected obliquely. 

[0052] Therefore, a sheet interceptor like the one 
shown in Fig. 7 is adopted for interception. Fig. 7 is a 
front view showing the structure of a sheet interceptor 
for intercepting light, which is projected from a projector 
and falls on the screen from a direction obliquely cross- 
ing the screen, so that the light will be projected as a 
rectangular image. 

[0053] As shown in Fig. 7, a pair of interceptor por- 
tions 24a and 24d opposed to each other are intended 
to intercept light from the vertical sides of a projected 
range 23 for the projector 1 . One of the interceptor por- 
tions : that is, the interceptor portion 24a intercepts light 
from a field outside the projected range 23 within which 
an image projected from the projector 1 is synthesized 
with another image, that is, a field on the opposite side 
of the projected range 23 relative to a projected range 
for the projector 2. The field is not a shared field and 
therefore need not be intercepted from light. The other 
interceptor portion 24d intercepts light reaching a field 
shared with the projected range for the projector 2. 
[0054] Moreover, the other pair of interceptor portions 
24b and 24c that are opposed to each other intercepts 
light from the sides of the projected range 23 for the pro- 
jector 1 which extend substantially horizontally. One of 
the interceptor portions, that is, the interceptor portion 
24b intercepts light from the lower side of the projected 
range 23, and the other interceptor portion 24c inter- 
cepts light from the upper side thereof. 
[0055] At this time, the interceptor portions 24b and 
24c are designed to be displaceable in a direction of piv- 
oting. The positions of the interceptor portions 24b and 
24c can be adjusted so that intercepted light can be pro- 
jected as an image like the one shown in Fig. 8. 



[0056] Fig. 8 shows the projected images shown in 
Fig. 6 after they are intercepted using sheet interceptors 
like the one shown in Fig. 7. 

[0057] A sheet interceptor composed of the intercep- 

5 tor portions 24a, 24b, 24c. and 24d is located on a light 
path between the projector 1 and the screen 10. After 
passing through the sheet interceptor, light further 
spreads towards the screen 10. In consideration of this 
fact, the space between the interceptor portions 24b and 

10 24c is. as shown in Fig. 7, adjusted to be narrower on 
the left side thereof and wider on the right side thereof. 
Consequently, a range on the screen 10 within which 
light is projected without being intercepted becomes 
rectangular as shown in Fig. 8. 

75 [0058] At this time, images displayed on liquid crystal 
display panels or the like included in a plurality of pro- 
jectors are subjected to conversion so that images pro- 
jected on a screen without being intercepted will be the 
same as the partial images the projectors must project. 

20 Moreover, since an image projected from the projector 
1 or 3 is reflected from the reflecting mirror 21 or 22, an 
image displayed in the liquid crystal display panel or the 
like included in the projector is reversed. 
[0059] As mentioned above, when reflecting mirrors 

25 are employed, a mask for intercepting rim rays or a mask 
for varying a reflectance may be placed on the reflecting 
mirrors When such a mask for varying a reflectance is 
adopted, the mask may be designed to cause the re- 
flectance of a reflecting mirror to continuously or step- 

30 wise increase from the edge of the mirror towards the 
center thereof. 

[0060] Moreover, the above reflecting mirrors may be 
designed to be able to pivot. In this case, the position of 
a shared field can be readily adjusted by adjusting the 

35 angle of the reflecting mirror. 

[0061] The second embodiment provides nearly the 
same advantages as the first embodiment. In addition, 
the discontinuity in luminance attributable to the fact that 
an amount of light diffused from the screen depends on 

40 the direction of diffusion. Even when the screen is seen 
from a point oblique thereto, an image whose luminance 
is smoothly continuous can be viewed. 
[0062] Fig. 9 and Fig. 10 show the third embodiment 
of the present invention. Fig. 9 is a front view showing 

45 the structure of a sheet interceptor that proves effective 
when images projected from four projectors overlap to 
have their corners superposed on one another. Fig. 10 
shows images projected on a screen from the four pro- 
jectors. 

so [0063] In the third embodiment, the same reference 
numerals are assigned to components identical to those 
in the first and second embodiments. The description of 
the components will be omitted, and differences alone 
will be described below. 

55 [0064] When projectors are vertically and laterally ar- 
ranged in a planar fashion, images projected from two 
or more projectors overlap. For brevity's sake, a discus- 
sion will be made on the assumption that the number of 
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projectors is four. For example, as shown in Fig 10. an 
image projected from the projector i is displayed in the 
left upper quarter of the screen, and an image projected 
from the projector 2 is displayed on the right upper quar- 
ter thereof. An image projected from the projector 3 is 5 
displayed on the left lower, and an image projected from 
the projector 4 is displayed on the right lower quarter 
thereof. Four fields on the screen are shared by two pro- 
jectors, and on field thereon is shared by the four pro- 
jectors. *o 
[0065] In other words, the image projected from the 
projector 1 and the image projected from the projector 
2 overlap to have their edges superposed on each other 
in the shared field. The image projected from the pro- 
jector 1 and the image projected from the projector 3 '5 
overlap to have their edges superposed on each other 
in the shared field. The image projected from the pro- 
jector 2 and the image projected from the projector 4 
overlap to have their edges superposed on each other 
in the shared field. The image projected from the pro- 
jector 3 and the image projected from the projector 4 
overlap to have their edges superposed on each other 
in the shared field. Moreover, the four images overlap 
to have their corners superposed on one another in the 
shared field. 

[0066] At this time, the luminance level in the shared 
field in which the four images have their corners super- 
posed on one another may be higherthan the luminance 
levels in the other fields. Fig. 9 shows the structure of a 
sheet interceptor for making the luminance level in the 
shared field almost equal to the luminance levels in the 
other fields. 

[0067] A sheet interceptor 26 serving as a light level 
adjusting means is associated with, for example, the 
projector 1 . The sheet interceptor 26 is shaped substan- 
tially like a letter L in order to intercept light from the field 
shared with the projector 3 and light from the field shared 
with the projector 2. The L-shaped sheet interceptor has 
an intercepting region 26a, which is shaped substantial- 
ly like a triangle, formed as a region defined with two 
edges that meet at right angles. 

[0068] Owing to the intercepting region 26a, an image 
whose luminance is nearly equal can be displayed on 
the screen as shown in Fig. 10. 

[0069] The third embodiment provides nearly the 
same advantages as the first and second embodiments. 
In addition, when the luminance level in a field shared 
by three or more projectors becomes too high, the lumi- 
nance level can be optimized in order to make it possible 
to view an image whose luminance is nearly equal all 
over the screen. 

[0070] Fig. 11 shows the fourth embodiment of the 
present invention, and is a sectional plan view showing 
a structure that has projectors and sheet interceptors 
integrated so that each pair of the projector and sheet 
interceptor will maintain a predetermined positional re- 
lationship. In the fourth embodiment, the same refer- 
ence numerals are assigned to components identical to 



those in the first to third embodiments The description 
of the components will be omitted, and differences alone 
will be described below. 

[0071 ] Each projector has a transmissive liquid crystal 
display panel on which an image is displayed, incorpo- 
rated therein. An illuminating means such as a lamp is 
used to illuminate the transmissive liquid crystal display 
panel from the back of the panel. In the thus-structured 
projector, after the lamp is used for a long period of time, 
the luminance offered by the lamp may be degraded or 
the lamp may not be lit any longer. The lamp may there- 
fore have to be replaced with a new one. 
[0072] At this lime, the projector is dismounted from 
a multi-display device, and the lamp incorporated in the 
projector is replaced with a new one. After the lamp is 
replaced with the new one, the projector is mounted in 
the multi-display device again. However, the positional 
relationship between the projector and a sheet intercep- 
tor may be changed delicately. In this case, the position- 
al relationship must be readjusted. It is therefore time- 
consuming to replace the lamp with a new one. 
[0073] According to the structure shown in Fig. 11 , a 
projector and a sheet interceptor are integrated into a 
casing for fear the positional relationship between the 
projector and sheet interceptor may be changed during 
replacement of the lamp. 

[0074] Specifically, a projector 1 and a sheet intercep- 
tor 11, a projector 2 and a sheet interceptor 12, and a 
projector 3 and a sheet interceptor 1 3 are locked in cas- 
ings 1 6 serving as locking means, so that their positional 
relationships will remain unchanged. 
[0075] For dismounting a projector from the multi-dis- 
play device, the projector and the sheet interceptor that 
are locked in the casing 16 are dismounted all together. 
[0076] As mentioned above, each projector is inte- 
grated with an associated sheet interceptor. Alternative- 
ly, all projectors may be locked in the same casing to- 
gether with all sheet interceptors so that the positional 
relationships among the projectors will remain un- 
changed. 

[0077] The fourth embodiment provides nearly the 
same advantages as the aforesaid first to third embod- 
iments do. In addition, the time required for adjustment 
to be performed after a lamp is replaced with a new one 
or any other repair is carried out can be reduced dras- 
tically. 

[0078] Fig. 12 shows the fifth embodiment of the 
present invention. A light level adjustment liquid crystal 
panel is incorporated in a projector in order to intercept 
light from the sides of a projected range on a screen, in 
the fifth embodiment, the same reference numerals are 
assigned to components identical to those in the first to 
fourth embodiments. The description of the components 
will be omitted, and differences alone will be described 
mainly. 

[0079] As mentioned above, a sheet interceptor is in- 
terposed between each projector and a screen. The 
present invention is not limited to this mode. The sheet 
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interceptor may be incorporated in each projector 
[0080] Specifically, a projector 31 serving as an image 
projecting means consists mainly ol a transmissive liq- 
uid crystal display panel 32. a lamp 37. and a lens 34. 
The transmissive liquid crystal display panel 32 is a dis- 
play device for displaying an image. The lamp 37 serves 
as an illuminating means lor illuminating the transmis- 
sive liquid crystal display panel 32. The lens 34 serves 
as a projecting optical system through which an image 
displayed on the transmissive liquid crystal display pan- 
el 32 is projected. A light level adjustment liquid crystal 
panel 33 serving as a light level adjusting means for in- 
tercepting or dimming rim rays of light representing the 
image displayed on the transmissive liquid crystal dis- 
play panel 32 is located on a light path linking the lamp 
37 and lens 34, or more particularly, on a light path link- 
ing the transmissive liquid crystal display panel 32 and 
lens 34. 

[0081] The lighl level adjustment liquid crystal panel 
33 includes a transmitting section 33a for transmitting 
light nearly as it is, and an intercepting section 33b for 
adjusting an amount of transmitted light while located 
around the transmitting section 33a. The light level ad- 
justment liquid crystal panel 33 is driven by a driver 35. 
[0082] A shade setting means 36 sets a range from 
which light is intercepted by the intercepting section 33b, 
or sets a level of shade caused by interception. Set data 
is output to the driver 35, and the driver 35 controls the 
light level adjustment liquid crystal panel 33. 
[0083] The fifth embodiment provides nearly the 
same advantages as the first to fourth embodiments do. 
Since a light level adjustment liquid crystal panel having 
an intercepting ability is incorporated in a projector, even 
when a lamp is replaced with a new one, the positional 
relationship between the lamp and a transmissive liquid 
crystal display panel will not be varied. An adjustment 
time can be reduced. Moreover the adjustment can be 
achieved through electric control alone. Since mechan- 
ical control is unnecessary, an adjustment mechanism 
can be designed to have a simple structure. This leads 
to a compactly designed multi-display device. 
[0084] Fig. 13 shows a sixth embodiment of the 
present invention, and is a block diagram showing the 
configuration of a multi-display system for adjusting lu- 
minance offered by a multi-display device. In the sixth 
embodiment, the same reference numerals are as- 
signed to components identical to those in the first to 
fifth embodiments. The description of the components 
will be omitted, and differences alone will be described 
mainly. 

[0085] In the foregoing multi-display device must 
have the positions of the sheet interceptors or the like 
adjusted at a factory before delivery or when a lamp is 
replaced with a new one. This is intended to make the 
luminance levels in shared fields equal to those in the 
other unshared fields. Fig. 13 shows the configuration 
for adjusting the luminance levels. 
[0086] Partial images projected from projectors 1 , 2, 



and 3 are converged on a screen 1 0 via sheet intercep- 
tors 11. 12. and 13 respectively. 

[0087] An image on the screen 1 0 is picked up using, 
tor example, a digital camera 46. A luminance detection 
5 unit 45 serving as a luminance detecting means sam- 
ples a luminance signal from the image signal to detect 
the widths and positions of shared fields. 
[0088] When the luminance on the whole screen is 
unequal, a magnitude-of-displacement calculation unit 
10 43 serving as a magnitude-of-displacement calculating 
means calculates a magnitude of displacement while 
referencing data stored in a frame memory 44 according 
to an output of the luminance detection unit 45. Thus, 
an unequal luminance level is corrected. Herein, a mag- 
is nitude of displacement is a measure indicating to what 
extent the sheet interceptors 11, 12, and 13 should be 
moved. 

[0089] A control unit 42 serving as a control means 
drives a motor driver 41 according to Ihe magnitude of 
20 displacement calculated by the magnitude-of-displace- 
ment calculation unit 43. The sheet interceptors 11,12, 
and 13 are thus driven in order to adjust the positional 
relationships of the sheet interceptors to the projectors. 
Consequently, the luminance on the screen is adjusted 
25 and made even. 

[0090] When the light level adjustment liquid crystal 
panel employed in the fifth embodiment is adopted as a 
light level adjusting means, the control unit 42 causes 
the driver to extend electric control. 
30 [0091] The sixth embodiment provides nearly the 
same advantages as the aforesaid first to fifth embodi- 
ments do. In addition, for adjusting luminance when a 
lamp is replaced with a new one or when any other repair 
is performed, an image on the screen should merely be 
35 picked up using a digital camera or the like. The adjust- 
ment is achieved automatically. The work time can 
therefore be reduced. 

[0092] In this invention, it is apparent that a wide 
range of different working modes can be formed based 
40 on this invention without a departure from the spirit and 
scope of the invention. This invention is not restricted to 
any specific embodiment but limited to the appended 
claims. 
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Claims 

1. A multi-display device having a plurality of image 
projecting means and constructing one image as a 
whole . partial images projected on a screen from 
the image projecting means overlapping to have the 
edges thereof superposed on edges of adjoining 
partial images in shared fields on the screen, said 
multi-display device comprising: 
55 a light level adjusting means for adjusting an 

amount of light to be projected on each shared field 
so that the luminance level in the shared field will 
agree with the luminance levels in the other fields 
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except the shared fields, and for displacing a lighl 
level adjustment range within which an amount of 
light representing one edge of each partial image to 
be projected is adjusted relative to an amount of 
light representing the other edge thereof. 5 

2. A multi-display device according to Claim 1 . where- 
in said light level adjusting means displaces the light 
level adjustment ranges within which amounts of 
light rays representing a plurality of edges of a par- io 
tial image to be projected are adjusted, and the di- 
rections of displacements include two or more of 
two mutually independent directions and a direction 

of pivoting which are defined on a plane that cross- 
es light projected from said image projecting *5 
means. 

3. A multi-display device according to Claim 1 , where- 
in al least one of said plurality of image projecting 
means is located so that a direction in which the im- 20 
age projecting means projects an image will cross 

a normal to the major surface of said screen, and 
said light level adjusting means displaces the light 
level adjustment range so as to adjust an amount 
of light representing a difference between a partial 25 
image to be projected from the image projecting 
means and a partial image to be projected there- 
from in the direction of the normal to the major sur- 
face of said screen. 

30 

4. A multi-display device according to Claim 1 , where- 
in said light level adjusting means has a portion 
thereof shaped for substantially agreeing the lumi- 
nance level in a shared field, in which partial images 
projected from three or more image projecting 35 
means have corners thereof superposed on one an- 
other, with the luminance levels in the other shields 
except the shared fields. 

5. A multi-display device according to Claim 1 5 where- *o 
in said light level adjusting means includes one or 
more sheet interceptors each intercepting at least 
part of light to be projected on a shared field on the 
screen, and at least one sheet interceptor is made 
movable. 45 

6. A multi-display device according to Claim 1 s where- 
in said light level adjusting means includes one or 
more dim filters each having the transmittance or 
reflectance thereof increased continuously or step- so 
wise from the edge of each filter to the center there- 
of, and at least one dim filter is made movable. 

7. A multi-display device according to Claim 1 , where- 
in said image projecting means includes a display 55 
device for displaying an image, an illuminating 
means for illuminating the display device , and a pro- 
jecting optical system for projecting an image on the 



display device illuminated by the illuminating 
means, and said light adjusting means includes a 
light level adjustment liquid crystal panel that is lo- 
cated on a light pain linking said illuminating means 
and said projecting optical system, and that per- 
forms at least one of switching of interception of 
light, which is projected on a shared field and trans- 
mission thereof, and changing of transmittance lev- 
els. 

8. A multi-display device according to Claim 1 . further 
comprising a locking means for locking said light 
level adjusting means and said image projecting 
means as one united body so that said level adjust- 
ing means and said image projecting means can 
maintain a predetermined positional relationship. 

9. A multi-display system comprising a multi-display 
device that includes a plurality of image projecting 
means and constructs one image as a whole, partial 
images projected on a screen from said image pro- 
jecting means overlapping to have the edges there- 
of superposed on edges of adjoining partial images 
in shared fields on the screen, wherein: 

said multi-display device comprises a light level 
adjusting means for adjusting an amount of 
light to be projected on each shared field so that 
the luminance level in the shared field will agree 
with the luminance levels in the other fields ex- 
cept the shared fields, and for displacing a light 
level adjustment range within which an amount 
of light representing one edge of each partial 
image to be projected is adjusted relative to an 
amount of light representing the other edge 
thereof, and 

said multi-display system further comprises: 

an imaging means for picking up an image 
displayed on the screen of said multi-dis- 
play device; 

a luminance detecting means for sampling 
a luminance signal from an image signal 
produced by said imaging means so as to 
detect the sizes of the shared fields and the 
luminance levels in the shared fields; 
a magnilude-of-displacement calculating 
means for calculating a magnitude of dis- 
placement, by which said light level adjust- 
ing means should displace the light level 
adjustment range, according to an output 
of said luminance detecting means; and 
a control means for extending control so 
that said light level adjusting means will 
displace the light level adjustment range by 
the magnitude of displacement calculated 
by said magnitude-of -displacement calcu- 
lating means. 
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10. An adjusting method for a multi-display device hav- 
ing a plurality of image projecting means and con- 
structing one image as a whole, partial images pro- 
jected on a screen from said image projecting 
means overlapping to have the edges thereof su- 5 
perposed on edges of adjoining partial images in 
shared fields on the screen, wherein: 

said multi-display device comprises a light level 
adjusting means for adjusting an amount of io 
light to be projected on each shared field so that 
the luminance level in the shared field will agree 
with the luminance levels in the other fields ex- 
cept the shared fields, and for displacing a light 
level adjustment range within which an amount 1 $ 
of light representing one edge of each partial 
image is adjusted relative to an amount of light 
representing the other edge thereof, and 
said adjusting method comprises the steps of: 

20 

picking up an image displayed on the 
screen ot said multi-display device and out- 
putting an image signal; 
sampling a luminance signal from the im- 
age signal so as to detect the sizes of the 25 
shared fields and the luminance levels in 
the shared fields; 

calculating a magnitude of displacement, 
by which said light level adjusting means 
included in said multi-display device 30 
should displace the light level adjustment 
range according to detected information of 
the sizes of the shared fields and the lumi- 
nance levels in the shared fields; and 
extending control so that said light level ad- 35 
justing means will displace the light level 
adjustment range by the magnitude of dis- 
placement. 
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(54) Projection system with plural projectors 

(57) The present invention provides a multi-display 
device that has a plurality of projectors and constructs 
one image as a whole. Partial images projected on a 
screen from the projectors overlap to have the edges 
thereof superposed on edges of adjoining partial images 
in shared fields on the screen. A sheet interceptor inter- 
cepts part of light to be projected on a shared field so 
that the luminance level in the shared field will agree 
with the luminance levels in the other fields except the 
shared fields. An interceptor portion (15d) of the sheet 
interceptor, which intercepts light from the right-hand 
side of a range (14) on the screen within which a partial 
image is projected, can be displaced horizontally rela- 
tive to an interceptor portion ( 1 5a) thereof that intercepts 
light from the left-hand side thereof. Likewise, an inter- 
ceptor portion (15c) of the sheet interceptor that inter- 
cepts light from the upper side of the projected range 
can be displaced vertically relative to an interceptor por- 
tion (15b) thereof that intercepts light from the lower side 
thereof. 
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]. Claims: 1-3 

Claims 1-3 relate to the problem of -mechanically- 
correcting the illumination distortion due to the -oblique 
projection- of -at least one- of the image projecting means, 
which is solved by pivoting blending edges for accordingly 
cutting the edges of the light to be projected. 



2. Claims: 1,4 

Claims 1 and 4 relate to the problem of optimizing the 
luminance level 1n a field shared by -three or more- 
projectors, which is solved by a particular shielding means 
of the corners of the partial images projected. 



3. Claims: 1,5,6 

Claims 1 5 and 6 relate to the problem of -mechanically- 
adjusting the luminance level in the shared field by -two- 
projectors, which is solved by movable sheet interceptors. 



4. Claims: 1,7 

Claims 1 and 7 relate to the problem of -electrically- 
adjusting the luminance level in the shared field by "two- 
projectors, which is solved by a LCD which intercepts light 
from the sides of the projected range on a screen of a 
partial image. 



5. Claims: 1,8 

Claims 1 and 8 relate to the problem of reducing the time 
required for adjustment to be performed after -a lamp is 
replaced- or any other repair is carried out, which is 
solved by locking means for fixing a predetermined 
positional relationship between the light level adjusting 
means and the image projecting means -as one body-. 



6. Claims: 9,10 

Claims 9 and 10 relate to the problem of automatically 
achieve adjustment of the luminance of one image projected 
by a plurality of projectors as a whole when a lamp is 
replaced or any other repair is carried out, which is solved 
by a pick-up device which picks up the image displayed on 
the screen and by using calculation/control means. 
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